Abstract. The effect of increasing lime quantities on reactions of native and applied P was investigated in an incubation experiment performed with two acid mineral soils of pH 4.8 (CaCl2 ). The soil samples differed considerably in the content of organic matter, which was reflected in their pH buffering power: in the fine sand, rich in organic matter (6.4 % org. C), liming raised the pH less than in the muddy fine sand (3.0 % org. C).
Introduction
Liming affects the reactions of soil P in many ways. For instance, it increases the concentration of OH -ions able to displace phosphate from oxide surfaces and to alter the distribution of soil P between various fractions used for characterization of different P compounds (CHANG and JACKSON 1957 , KAILA 1961 and 1965 , HARTIKAINEN 1981 . In acid soils, it seems, these reactions contribute to enhancing the solubility of P in water, even though the promoting effect of increasing pH is concluded to be partly dependent on the P status of the soil (HARTIKAINEN 1981) .
On the other hand, the extent of the reactions of P is obviously controlled by the pH buffering power of the soil which relates to the content of organic matter. Further, organic anions also compete with phosphate for sorptive metal oxide surface. Their affinity to react with metal ions and, thus, to compete with phosphate is highly pH-dependent.
The purpose of the present incubation experiment was to elucidate the lime-induced reactions of native and added P in two soils differing markedly in their content of organic carbon. The results were assumed to demonstrate the role of organic matter and other related factors in controlling the efficiency of lime to raise pH and to affect the solubility of native and added P in soils.
Materials and methods
The incubation experiment was carried out with two acid surface soil samples taken from the experimental farm of Helsinki University. Characteristics of the soils are given in (1971) and sissingh (1971) McLEAN 1965) and determined by an atomic absorption spectrophotometer.
Results
The pH values of the incubated soil samples are reported in Table 2 Liming decreased the acidity of the muddy fine sand more effectively than that of the fine sand sample. Further, in the former, the K2 HP0 4 treatment tended somewhat to raise pH. It should be mentioned that immediately after application of nutrient salts the pH of the muddy fine sand and fine sand was 5.4 and 5.2 in the pots treated with P and 4.5 and 4.6 in those without P, respectively. Table 3 shows the incubation treatment to have depressed markedly the level of native water-soluble P in both soil samples. It was, however, 5.9' 5.9* 5.9' 5.9' * Both soils are tested separately. The means followed by a common letter do not differ at P=0.05.
interesting to notice that in the muddy fine sand the decrease tended to be the smaller and in the fine sand the greater, the more intensive the liming was. In the most heavily limed pots, prolonged incubation caused some further reduction in the solubility of P in water.
Only a minor portion of applied P was recovered in the water extractable fraction (Table 3) : at four months, 7.9-8.5 % in the muddy fine sand and 11.9-14.9 % in the fine sand sample. In the latter soil, liming seemed to depress the solubility of added P, too. Besides, a further conversion of applied P into a less soluble form took place during the long-term incubation. The fractionation analyses gave some intimations of the fate of native as well as applied P in the soils (Table 4) . Liming seemed to induce a redistribution of native P between NFI 4 F, NaOH and H 2 S0 4 extractable forms representing P bound by Al, Fe and Ca, respectively, even if the data obtained did not quantitatively account for the changes. In the muddy fine sand sample, the NaOH-P was markedly depleted and H 2 S0 4 -P increased slightly. In the fine sand, on the other hand, the various fractions were affected to a lesser extent, but some enrichment occured in the NH 4 F and NaOH soluble forms.
The difference between a given fraction in the soils treated and not treated with P was assumed to represent recovery of applied P. Table 4 suggests liming not to have affected decisively the distribution of sorbed P. In the fine sand soil, added P was retained mainly in the fluoride soluble fraction, whereas in the muddy fine sand sample, relatively high quantities were sorbed also in the hydroxide extractable one. Further, a surprisingly marked accumulation in the acid soluble form occured in the fine sand soil, also in the unlimed treatment.
The enrichment in native NH 4 F-P in the limed fine sand soil did not, however, promote the solubility of P in water (cf. Table 3 ). This rendered it necessary to investigate the role of some by-reactions induced by the CaC0 3 treatment. Because the NH4F fraction is assumed to represent primarily the Al bound resources, attention was paid to reactions of soil Al. of added NH 4 -N during the incubation contributed to a further decrease in soil pH. Also the decrease in the level of water-soluble P in all the incubation treatments can be ascribed to the increased ionic strength, shown in most soils to depress desorption of P (RYDEN and SYERS 1975, HARTIKAINEN and YLI-HALLA 1982) .
In the muddy fine sand soil, water-soluble P was somewhat increased as a result of liming, but remained far below the level in the original sample. In the fine sand soil, on the contrary, liming seemed to cause a considerable additional reduction in this P fraction. COLEMAN et al. (1960) and MOKWU-NYE (1975) Figure 1 and the data in Table 5 give some evidence of the pH-dependent equilibrium between various Al species and give some indication of the fate of P. The increased acidity in the unlimed soils transferred the equilibrium between polymerized and exchangeable forms to the direction of the latter species. In the fine sand soils incubated for 16 months, this was reflected as a higher solubility of P in water (see Table 3 If the latter assumption is valid, Table 5 justifies to suppose that a higher quantity of hydroxy-Al species reached this neutralization stage in the fine sand soil richer in organic matter than in the muddy fine sand sample. The conclusion is supported by the view presented by HARGROVE and THOMAS (1982) according to which organically bound Al is apparently hydrolyzed to a greater extent at a given low pH. Thus, it is theoretically possible that owing to the greater polymerization degree the affinity of Al for P retention is higher in soils of high organic matter content. In the fine sand soil, the addition of K 2 HP0 4 decreased the exchangeable Al, which indicates some interaction between Al and P. Because this sample was relatively poor in exchangeable Al 3 + and rich in native water-soluble P, the application of P possibly led to the solubility product of an aluminium phosphate to be exceeded and to its precipitation. ROBARGE and COREY (1979) KAILA 1971 , BLOOM et al. 1979 . Recently, HARGROVE and THOMAS (1982) 
